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PREFACE 
" I s  t h e r e  s u f f i c i e n t  l a n d  t o  s u s t a i n  t h e  l i k e l y  w o r l d  
p o p u l a t i o n  i n  t h e  y e a r  2000?"  P r e v i o u s  e s t i m a t e s  o f  t h e  
p o p u l a t i o n s  t h a t  c a n  b e  s u p p o r t e d  by t h e  a r a b l e  l a n d s  i n  
t h e  w o r l d  v a r y  f r o m  7.5 t o  40  t h o u s a n d  m i l l i o n .  However, 
t h e s e  e s t i m a t e s  h a v e  n o t  t a k e n  a c c o u n t  o f  some c r u c i a l  
a s p e c t s ,  namely:  
a )  D i f f e r e n t  q u a l i t y  o f  l a n d s ,  t h e i r  p r o d u c t i v e  
c a p a c i t i e s  and h e n c e  t h e i r  v a r i e d  p o t e n t i a l s  f o r  
s u p p o r t i n g  d i f f e r e n t  l e v e l s  o f  p o p u l a t i o n  on  a  
d e g r a d a t i o n - f r e e  and  s u s t a i n e d  b a s i s .  
b) D i f f e r e n t  c r o p s  ( w i t h  w i d e l y  d i f f e r i n g  cl imat ic  
and s o i l  r e q u i r e m e n t s ) .  
C )  D i f f e r e n t  l e v e l s  o f  i n p u t s  and  t e c h n o l o g y .  
d )  D i f f e r e n t  soc io -economic  f a c t o r s .  
R e c o g n i z i n g  t h e s e  a s p e c t s ,  FA0 and  UNFPA h a v e  i n i t i a t e d  
a  p r o j e c t  t o  compute t h e  human s u p p o r t i n g  c a p a c i t i e s  o f  a g r i -  
c u l t u r a l  l a n d s  a n d  t o  compare t h e s e  w i t h  d a t a  o n  e x i s t i n g  and  
p r o j e c t e d  p o p u l a t i o n s .  The p r o j e c t  e n t i t l e d  "Land R e s o u r c e s  
f o r  P o p u l a t i o n s  o f  t h e  F u t u r e "  commenced o n  1 s t  S e p t e m b e r , 1 9 7 6 .  
The Food and  A g r i c u l t u r e  P rogram a t  IIASA h a s  p a r t i c i p a t e d  
i n  t h i s  p r o j e c t  s i n c e  Sep tember ,  1 9 7 8 -  I IASA' s  c o n t r i b u t i o n  
i n  c o n j u c t i o n  w i t h  t h e  Land a n d  Water  D i v i s i o n ,  FAO, is con-  
c e r n e d  w i t h  t h e  deve lopmen t  a n d  s i m u l a t i o n  o f  t h e  o v e r a l l  
methodology f o r  t h e  a n a l y s i s  o f  t h e  F A 0  c l i m a t e / s o i l  d a t a  
b a s e  t o  d e t e r m i n e  optimum c r o p  mix and  e s t i m a t i o n  o f  popu la -  
t i o n  s u p p o r t i n g  c a p a c i t y .  
The information generated in this approach is important in 
that it provides data which can form the basis of the planning 
of the food and agricultural sector. . It is recognized that 
the analysis is carried out on the basis of the 1:5 million 
FAO-UNESCO soil map. Most developing countries have not had 
the resources to carry out detailed soil and climate surveys. 
Apart from being expensive in time and money, soil surveys 
are useful only if carried out with a view to assessing the 
agricultural potential. The methodology as developed in this 
project is particularly relevant since it considers the most 
important food crops as well as the degradation hazard in 
relation to the environment and management practice. At a 
country level, the data best generated here will certainly 
need to be supplemented by specific and in-depth surveys. 
The present and future agricultural production in various 
countries depends on a wide variety of factors such as ecology, 
technology, environment, socio-economics, international trade, 
etc. All these aspects cannot be investigated at the global 
level but for particular country studies, the data base as 
generated in the AEZ project provides a starting point for 
the integration of the wide range of factors that are crucial 
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ASSESSMENT OF POPULATION SUPPORTING 
CAPACITIES - OVERALL COMPUTER PROGRAMS 
G. Fischer and M.M. Shah 
1 . INTRODUCTION 
The Food and Agriculture Program at the ~nternational 
Institute for Applied Systems Analysis (IIASA) has 
participated in this project since September, 1978. IIASA's 
contribution in conjunction with the Land and Water Division, 
FAO, is concerned with the computerization of the data base 
and development of computer programs for the simulation of 
the overall methodology to assess the population supportinq 
capacities of all developing countries in Africa of present 
(1 975) and projected (2000) populations with interzone 
comparisons. The methodology for this assessment was to be 
developed in the context of the following alternative 
assumptions : 
1. The ultimate potential human supporting capacity, if 
all lands were used for an optimum (maximize calorie 
production) mix of food crops under the assumption of 
three'input levels of technology, namely, low, inter- 
mediate and high. 
2. As in 1. but also incorporating land degradation 
hazards. 
3. As in 1 .  and 2. but also incorporating a protein 
constraint. 
4. As in 1 .  and 2. but also incorporating a present 
land use (PLU) constraint. The PLU is concerned 
with the present crop mix pattern by length of 
growing period in agro-ecological zone (AEZ)  
and limited to the basic eighteen food crops. 
The computer program development was completed in 
October 1979 and the results for a nqber of countries were 
discussed with the Land and Water Division, F.A.O. The final 
programs were implemented on the F.A.O. IBM computer in early 
November 1979.  
2. STRUCTURE OF THE COMPUTER PROGRAM 
4. 
In developing the overall computer program' the central 
feature was the incorporation and coordination of a large data 
base, in such a way that a computationally efficient (computer 
storage requirement and computing time) program is obtained. 
The data base is composed of: 
* 
1. Land inventory: 51  countries, total number of 
records = 36,868** 
2. Irrigation data. Area by location and corresponding 
calorie/protein production: 37 countries, total 
number of records ( 1 9 7 5 )  = 368, ( 2 0 0 0 )  = 539.  
* 
Two countries have been left out (Djibuti, South Africa). 
* * 
After elimination of double and zero entries in the land 
inventory. 
- 
' II Computer Prcgrs5s f c r  >-s~e c r r , e i ; i  of 730d Production and 
Human Support lr:q Capacities G. ris~h.~r, B. Lopuch, 
N.M. Shah. FA-C , '--:-S-i, 1 9 7 9 ,  forthcoming. 
3 .  C l i m a t e ,  P r o d u c t i v i t y ,  S lope ,  Phase ,  T e x t u r e ,  
F l u v i s o l ,  Deg rada t i on ,  Fal low and Y i e l d  Tab l e s :  
app rox ima te ly  1347 r e c o r d s .  
4 .  P r e s e n t  Crop Mix by AEZ, P o p u l a t i o n  (1975)  by AEZ,  
A g r i c u l t u r a l  Land by AEZ and Protein/Calorie~equirement 
f o r  51 c o u n t r i e s .  For t h e  yea r  ( 2 0 0 0 )  w e  have 
assumed* t h a t  t h e  p o p u l a t i o n  i n  e a c h  AEZ grows pro-  
p o r t i o n a l  t o  t o t a l  p o p u l a t i o n  i n c r e a s e ,  i . e . ,  
r e l a t i v e  p o p u l a t i o n  d e n s i t i e s  remain c o n s t a n t .  
The o v e r a l l  computer  program has  been s t r u c t u r e d  i n  two 
p a r t s ,  namely, 
A. Land P r o d u c t i v i t y  Program 
B. Optimal  Crop Mix Program. 
The program h a s  been se t  up such t h a t  r e s u l t s  can  be  
o b t a i n e d  f o r  any one  c o u n t r y  o r  a  r e g i o n  ( a  number o f  
ne ighbour ing  c o u n t r i e s ,  a l l  d eve lop ing  c o u n t r i e s  i n  A f r i c a ,  e t c . ) .  
2.1 . Land P r o d u c t i v i t y  Program 
The s t r u c t u r e  and sequence  o f  o p e r a t i o n  o f  t h i s  program 
i s  shown i n  F i g u r e  1. The main s t e p s  i n  t h e  program a r e :  
* 
A l t e r n a t i v e s  a r e  l i f i e a r  s h a r e  e x t r a p o l a t i o n ,  e x p o n e n t i a l  
s h a r e  e x t r a p o l a t i o n ,  etc. 
- 4 -  
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Figure 1. Agro-ecological program and data base for crop and livestock 
production assessment 
- Three levels of technology 
- With and without degradation hazards 
- Country level results 
- Simulation for 1975 - or (2000) 
S t e p  1 .  From t h e  t o t a l  e x t e n t  o f  l a n d ,  t h e  a v a i l a b l e  
a g r i c u l t u r a l  l a n d  i s  d e r i v e d  a f t e r  making 
a p p r o p r i a t e  a l lowance  for  n o n - a g r i c u l t u r a l  and 
i r r i g a t i o n  l a n d  r e q u i r e m e n t .  
S t e p  2 .  The climate,  p r o d u c t i v i t y ,  s l o p e ,  p h a s e ,  t e x t u r e ,  
and  f l u v i s o l  r u l e s  a r e  a p p l i e d  t o  e a c h  c e l l  o f  
i n f o r m a t i o n  i n  t h e  l a n d  i n v e n t o r y .  The a p p l i c a -  
t i o n  o f  t h e  c l i m a t e  r u l e s  r e s u l t s  i n  t w o  sets 
of i n f o r m a t i o n ,  i . e . ,  w h e t h e r s - c r o p  i s  s u i t a b l e  
or n o t  s u i t a b l e  f o r  c o n s i d e r a t i o n  w i t h i n  a 
p a r t i c u l a r  climate. The a p p l i c a t i o n  o f  a l l  o t h e r  
r u l e s  a t  e a c h  s t a g e  a l l o c a t e s  l a n d  w i t h i n  f i v e  
c lasses,  namely, Very High p r o d u c t i v i t y  ( V H ) ,  
High p r o d u c t i v i t y  ( H ) ,  Modera te  p r o d u c t i v i t y  ( M ) ,  
Low p r o d u c t i v i t y  ( L )  , and N o t  S u i t a b l e  (NS) . Note 
t h a t  if a t  any s t a g e  a p a r t i c u l a r  p i e c e  o f  l a n d  f z l l s  
* 
i n  t h e  NS c l a s s ,  t h e n  t h i s  l a n d  is  n o t  c o n s i d e r e d  
f u r t h e r  i n  t h e  a n a l y s i s .  
S t e p  3.  The program h a s  t h e  f a c i l i t y  t o  i n c l u d e  o r  
e x c l u d e  t h e  l a n d  d e g r a d a t i o n r u l e s ,  i . e . ,  w i t h  
o r  w i t h o u t  l a n d  c o n s e r v a t i o n  measures.  
f o r  c r o p  p r o d u c t i v i t y .  
S t e p  4 .  F a l l o w  (rest  p e r i o d )  l a n d  r u l e s  a r e  a p p l i e d  and t h i s  
r e s u l t s  i n a n  a d d i t i o n a l  c lass  o f  l a n d  l a b e l e d  F  ( f a l l o w ) .  
S t e p  5. F i n a l l y  t h e  y i e l d  t a b l e s  ( b y c r o p , b y  AEZ and 
by cl imate)  a r e  a p p l i e d  t o  t h e  l a n d  a r e a s  i n  t h e  f o u r  
c l a s s e s  (VH, H ,  M and L )  which a r e  s u i t a b l e  
I t  s h o u l d  b e  emphas ized  t h a t  t h e  t o t a l  number o f  computer  
r u n s  by program A f o r  a p a r t i c u l a r  c o u n t r y  ( o r  r e g i o n )  compr i ses  
o f  a  t o t a l  o f  6 r u n s  f o r  1 9 7 5  under  t h e  a s sumpt ion  o f  t h r e e  
t e c h n o l o g y  l e v e l s  and w i t h  and w i t h o u t  d e g r a d a t i o n  r u l e s .  
A s i m i l a r  number o f  r u n s  i s  n e c e s s a r y  f o r  t h e  y e a r  (2000)  . 
I 
* 
T h i s  a s p e c t  h a s  b e e n  m o d i f i e d  and t h e  NS l a n d ,  i f  s u i t a b l e ,  
i s  r e a l l o c a t e d  t o  l i v e s t o c k  p r o d u c t i o n .  
A d a t a  f i l e  f o r  each o f  t h e  s i x  r u n s  o f  Program A i s  c r e a t e d  
and t h i s  forms t h e  i n p u t  f i l e  f o r  Program B where a l t e r n a t i v e  
assumpt ions  f o r  o p t i m a l  c r o p  m i x  and a s s e s s m e n t  o f  human 
s u p p o r t i n g  c a p a c i t i e s  a r e  c o n s i d e r e d .  
2 . 2 .  Optimal  Crop Mix Program 
F i g u r e  2 shows t h e  s t r u c t u r e  o f  t h i s  computer program. 
The Optimal Crop Mix Program u s e s  t h e  r e s u l t s  o f  t h e  Land 
P r o d u c t i v i t y  Program and d e t e r m i n e s  f o r  e a c h  a g r o - e c o l o g i c a l  zone 
an  op t ima l  c r o p  m i x  s u b j e c t  t o  c e r t a i n  c o n s t r a i n t s  depend ing  
on t h e  mode under  which t h e  program i s  o p e r a t e d .  The r e l e v a n t  
f i l e  produced by t h e  Land P r o d u c t i v i t y  Program c o n t a i n s  t h r e e  
k i n d s  of  r e c o r d s  r e f e r r i n g  t o  z o n e s ,  c e l l s  w i t h i n  zones and 
c r o p  p r o d u c t i o n  w i t h i n  a  p a r t i c u l a r  ce l l .  
A zone i s  d e t e r m i n e d  by f o u r  c h a r a c t e r i s t i c s ,  t h e  r e g i o n ,  
t h e  c o u n t r y ,  t h e  major  climate and t h e  l e n g t h  o f  t h e  growing 
p e r i o d .  A zone i s  f u r t h e r  s u b d i v i d e d  i n t o  ce l l s  c h a r a c t e r i z e d  
by s o i l  t y p e ,  s l o p e ,  p h a s e  and  t e x t u r e .  Accord ing ly ,  zone 
r e c o r d s  c o n t a i n  t h e  n e c e s s a r y  code  i n f o r m a t i o n  and d a t a  on 
t o t a l  zone a r e a ,  i r r i g a t e d  zone  a r e a ,  zone p o p u l a t i o n ,  
c a l o r i e s  and p r o t e i n  f rom i r r i g a t i o n ,  and p r e s e n t  c r o p  m i x  
s h a r e s .  C e l l  r e c o r d s  c o n s i s t  o f  c o d i n g  i n f o r m a t i o n  and t h e  
c e l l  e x t e n t .  F u r t h e r m o r e ,  f o r  e a c h  s u i t a b l e  c r o p , a  c r o p  r e c o r d  
d e s c r i b e s  t h e  p o t e n t i a l  c a l o r i e  and p r o t e i n  p r o d u c t i o n  from 
t h a t  p a r t i c u l a r  c r o p  i n  t h e  c e l l  under  c o n s i d e r a t i o n .  I n  
a d d i t i o n ,  t h e  c r o p  r e c o r d  g i v e s  a l s o  t h e  s p l i t t i n g  o f  t h e  
ce l l  e x t e n t  i n t o  t h e  d i f f e r e n t  p r o d u c t i v i t y  c l a s s e s .  
A s m a l l  c o n t r o l  f i l e  c o n t a i n s  c o u n t r y  codes  and c o u n t r y  
s p e c i f i c  c a l o r i e  and p r o t e i n  r e q u i r e m e n t s  and s e l e c t s  t h e  
run  mode. The OCM Program c a n  be  o p e r a t e d  under  t h r e e  modes: 
MODE=1 : S e l e c t s  f o r  e a c h  zone a c r o p  mix i n  o r d e r  t o  
maximize c a l o r i e  p r o d u c t i o n  
MODE=2 : Maximizes z o n a l  c a l o r i e  p r o d u c t i o n  s u b j e c t  t o  a  
c a l o r i e / p r o t e i n  r a t i o  c o n s t r a i n t .  
MODE=3 : Maximizes z o n a l  c a l o r i e  p r o d u c t i o n  s u b j e c t  t o  
a  g i v e n  c r o p p i n g  p a t t e r n .  
OPl lMAl .  CROP MIX PflOtiRAM 
CHOOSE MODE 
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Figure 2. Optimal crop mix program 
- 
-- ode 1 : Potential with maximum calorie production 
- Mode 2: Potential with maximum calorie production 
and with protein constraint 
- Mode 3: Potential with maxinlum calorie production 
-. -- and with present crop mix constraint 
I n  t h e  f o l l o w i n g ,  t h r e e  modes w i l l  be  d e s c r i b e d  i n  a  more 
formal  way. L e t  X i j  d e n o t e  t h e  s h a r e  of  c r o p  i , i = l ,  ..., NCOM 
i n  t h e  l a n d  u s e  o f  c e l l  j , j = 1 ,  ..., NCELL, i n  a  p a r t i c u l a r  
a g r o - e c o l o g i c a l  zone.  S i m i l a r l y ,  l e t  CALij  and PRT, d e n o t e  t h e  
- j 
p o t e n t i a l  c a l o r i e  and p r o t e l n  ; zoduc t ion  of  c r o p  i i n  c e l l  j .  
On t h e  zone l e v e l ,  w e d e f i n e  C A L I R  and PRTIR t o  be  t h e  c a l o r i e  
and p r o t e i n  p r o d u c t i o n  from i r r i g a t i o n  whereas  CALREQ and PRTREQ 
deno te  c o u n t r y - s p e c i f i c  ca lo r i e  and p r o t e i n  r e q u i r e m e n t .  
F i n a l l y ,  B i t  i = l  , . . . , NCOMt i s t h e  s h a r e  of  each  c r o p  i n  t h e  
p r e s e n t  c u l t i v a t i o n  p r a c t i c e .  Using t h e  above n o t a t i o n ,  t h e  
d i f f e r e n t  modes c a n  b e  d e s c r i b e d  i n  t h e  f o l l o w i n g  way: 
NCELL NCOM 
max 1 1 x i j  C A L ~ ~  




j=1 C x i = l  i j  CALij  j  
NCOM 
s . t .  1 xi j  - < 1 
i= 1
j  = 1 ,  ..., NCELL 
i = 1 ,  ..., NCOM ; j = 1 ,  ..., NCELL 
1 = 1 ,  ..., NCELL 
NCELL NCOM NCELL NCOM 
CALIR+ 1 1 Xi  jCALi j < PRTIR+ 1 XijaPRT 
j=1 i = 1  j=1 i = 1  
i = 1  , . . . , NCOM ; j=1 , . . . ,NCELL 
Remark: Because  o f  t h e  c a l o r i e  and  p r o t e i n  p r o d u c t i o n  f rom 
i r r i g a t i o n ,  t h e  mode 2 prob lem migh t  b e  i n f e a s i b l e .  I n  t h i s  
c a s e ,  CALIR and  P R T I R  a r e  i g n o r e d  i n  t h e  p r o t e i n  c o n s t r a i n t .  
NCELL NCOM - - 
max 1 1 x i j  = C A L ~ ~  
j j=1 i = 1  
NCOM 
NCELL CAREA 
< A i = l  ,. . . ,NCOM 1 ' i j0TAREA - 'i j=1  
where 
CAREA j = 1 ,  ... ,NCELLI d e n o t e s  t h e  e x t e n t  o f  c r o p  l a n d  j 
a r e a  i n  c e l l  j  and  TAREA t h e  t o t a l  z o n a l  c r o p  l a n d  a r e a ,  i . e . ,  
NCELL 
TAREA = 1 CAREA . 
j=1 j  
The s c a l a r  X may b e  u s e d  t o  s p e c i f y  which  p o r t i o n o f t h e l a n d  i s  t o  
b e  a l l o c a t e d  a c c o r d i n g  t o  t h e  p r e s e n t  c u l t i v a t i o n  p r a c t i c e .  Any 
l a n d  l e f t  a f t e r  s o l v i n g  p rob lem ( 3 )  i s  a l l o c a t e d  a s  u n d e r  MODE 1 .  
Although a l l  t h r e e  p rob lems  h a v e  been  posed  i n  t h e  form o f  
a l i n e a r  program, t h e  mode 1  c a s e  h a s  a  v e r y  s i m p l e  s o l u t i o n .  
The a l g o r i t h m  j u s t  p i c k s  t h e  most  p r o d u c t i v e  c r o p  ( i n  t e r m s  
o f  c a l o r i e s )  i n  e a c h  ce l l .  I f  t h i s  s o l u t i o n  t o g e t h e r  w i t h  
p r o d u c t i o n  from i r r i g a t i o n  s a t i s f i e s  t h e  c a l o r i e / p r o t e i n  c o n s t r a i n t  
i n  t h e  zone ,  t h e n  t h i s  c r o p  mix i s  a l s o  o p t i m a l  f o r  mode 2 .  I n  
p r a c t i c e ,  w e  have  f o u n d  t h a t  t h i s  a p p l i e s  t o  a  c o n s i d e r a b l e  
number o f  zones  i n  A f r i c a .  The most  e x p e n s i v e  problem i n  t e r m s  
o f  CPU and  s t o r a g e  r e q u i r e m e n t s  i s  mode 3 ,  s i n c e  f o r  e a c h  zone  
t h e  c o r r e s p o n d i n g  LP h a s  t o  b e  s o l v e d .  
For e a c h  o f  t h e  s i x  compute r  r u n s  f o r  1975 ( a n d  s i m i l a r l y  
f o r  t h e  y e a r  (2000)  ) c a r r i e d  o u t  i n  Program A ,  t h e  a p p l i c a t i o n  
o f  Program B  y i e l d s  t h r e e  compute r  r u n s .  Hence,  f o r  any  
p a r t i c u l a r  c o u n t r y  (or  r e g i o n ) ,  t h e  number o f  a l t e r n a t i v e  
computer  r u n s ,  summarized i n  F i g u r e  3 ,  is  18 f o r  t h e  y e a r  
1975 and a n o t h e r  18 f o r  t h e  y e a r  ( 2 0 0 0 ) .  
Program A ,  as w e l l  as Program B h a s  t h e  f a c i l i t y  t o  g i v e  
r e s u l t s  f o r  any  c o u n t r y  (or r e g i o n )  a t  t h e  f o l l o w i n g  l e v e l s  
o f  i n f o r m a t i o n :  
(i) ' I n f o r m a t i o n  by  c e l l  
(ii) 11 'I zone  
(iii) I# I' c o u n t r y  
( i v )  I )  " r e g i o n .  
To f a c i l i t a t e  t h e  u n d e r s t a n d i n g ,  t h e  o p e r a t i o n  o f  
computer programs A and  B ,  n u m e r i c a l  examples  o f  t h e  r e s u l t s  
f o r  one  c e l l ,  t w o  z o n e s  and  a c o u n t r y  ( r e f e r e n c e  c o u n t r y  Kenya) 
I 
are g i v e n  i n  Appendix 1 .  I 
3. COMPUTER REQUIREMENTS 1 
The compute r  ( s t o r a g e  and  comput ing  t i m e )  r e q u i r e -  
ments  f o r  a p a r t i c u l a r  c o u n t r y  r u n  a r e  d e p e n d e n t  on t h e  s i z e  o f  
t h e  l a n d  i n v e n t o r y .  By t h i s  w e  mean t h e  number o f  climates 
i n  t h e  c o u n t r y ,  number o f  a g r o - e c o l o g i c a l  z o n e s w i t h i n e a c h c l i m a t e ,  
and t h e  numbero f  c e l l s  w i t h i n  e a c h  zone .  The o v e r a l l  computer  
program was d e v e l o p e d  on  t h e  PDP 11/70 Computer a t  IIASA. 
I t  whould be n o t e d  t h a t  t h i s  c o m p u t i n g  f a c i l i t y ,  much smaller 
t h a n  t h e  I B M  370/148 a t  F.A.O., i s  s u i t a b l e  t o  p r o c e s s  and  
produce  a l l  t h e  r e s u l t s  as c o n s i d e r e d  i n  t h e  p r o j e c t .  The 
computer  r e q u i r e m e n t s  i n  o r d e r  t o  a p p l y  t h e  computer  Program A 
t o  a  c o u n t r y  depends  o n  t h e  s i z e  o f  t h e  l a n d  i n v e n t o r y  
(number o f  c e l l s )  f o r  t h e   articular c o u n t r y .  I n  t h e  case of  
Program B ,  t h e  m a j o r  c o m p u t a t i o n a l  e f f o r t  i s  i n v o l v e d  i n  t h e  
mode 2  ( p r o t e i n  c o n s t r a i n t )  a n d  mode 3 (PLU c o n s t r a i n t )  where  
l i n e a r  programming r o u t i n e s  h a v e  t o  b e  a p p l i e d .  






WITH WITH WITHOUT 
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PCMlX PROTElNlCALORlE PROTElNlCALORlE 
CONSTRAINT CONSTRAINT CONSTRAINT 
Figure 3. Alternative runs for assessment of human supporting capacity 
- Year 1975 or (2000) 
- Three levels of technology; low, intermediate or high 
( 1  975: Total number runs for one country = 18) 
(2000: Total number runs for one country = 18) 
In the case of the Africa region: 
Largest country: Tanzania, 1678 entries in the land inventory, 
(maximum of 160 cells/zone) . 
Average country: Nigeria, 660 entries (maximum of 86 cells/zone). 
Smallest country: Cape Verde, 18 entries (maximum of 
15 cells/zone) . 
4 .  CONCLUSIONS AND FUTURE WORK 
The work r e p o r t e d  i n  t h i s  pape r  was completed  i n  
November 1979 and t h e  r e s u l t a n t  computer  programs were 
implemented on  t h e  FA0 computer .  The r e s u l t s  f o r  a l l  
c o u n t r i e s  i n  A f r i c a  w e r e  d i s c u s s e d  a t  t h e  FAO/UNFPA Consul-  
t a t i o n  Mee t ing ,  Rome, 4-6 December 1979. The f i n a l  r e s u l t s  
c o n s i s t  of  s c e n a r i o s  f o r  t h r e e  t echno logy  i n p u t  l e v e l s ,  each  
w i th  and w i t h o u t  l a n d  d e g r a d a t i o n ,  under t h e  assumpt ion  o f :  
i) c o n t i n u a n c e  o f  t h e  p r e s e n t  c ropp ing  p a t t e r n ;  
ii) c o n t i n u a n c e  o f  t h e  p r e s e n t  c ropp ing  p a t t e r n  i n  p a r t  
o f  t h e  l a n d  a r e a ,  t h e  b a l a n c e  be ing  a l l o c a t e d  t o  c r o p s  
p r o d u c i n g  t h e  h i g h e s t  amount o f  c a l o r i e s ;  
iii) a l l o c a t i n g  t h e  e n t i r e  e x t e n t  o f  t h e  s u i t a b l e  a r e a  t o  
c r o p s  p roduc ing  t h e  h i g h e s t  amount o f  c a l o r i e s ;  
i v )  same as iii) b u t  i n c l u d i n g  a  c a l o r i e / p r o t e i n  c o n s t r a i n t .  
The c o u n t r y  l e v e l  e c o l o g i c a l  and a g r i c u l t u r a l  d a t a  b a s e ,  a s  
gene ra t ed  i n  t h i s  p r o j e c t ,  a p p e a r s  t o  be s u i t a b l e  f o r  t h e  a n a l y s i s  
and model ing o f  e c o l o g i c a l ,  env i ronmen ta l  and t e c h n o l o g i c a l  sy s -  
t e m s  w i t h i n  a p p r o p r i a t e  FAP n a t i o n a l  models.  I n  p a r t i c u l a r ,  t h e  
fo l lowing  a s p e c t s  a r e  b e i n g  i n v e s t i g a t e d :  
1 .  Comparison o f  t h e  food p roduc t i on  p o t e n t i a l  w i t h  t h e  
a c t u a l  p r o d u c t i o n .  T h i s  " a c t u a l  p r o d u c t i o n "  i n c o r p o r a t e s  
* 
t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  
a )  Food c r o p s  a s  w e l l  a s  a  number o f  c a s h  c r o p s .  
b )  D i f f e r e n t  i n p u t  l e v e l s  ( l a b o r ,  f e r t i l i z e r ,  c a p i t a l ,  
s e e d  v a r i e t i e s ,  etc.) and management p r a c t i c e s ,  
c o r r e s p o n d i n g  t o  p a r t i c u l a r  c r o p s  i n  d i f f e r e n t  
p a r t s  o f  t h e  c o u n t r y .  
* 
n o t  a  e x h a u s t i v e  l i s t  
C )  Crop c h o i c e  d e p e n d i n g  on food  r e q u i r e m e n t  a s  w e l l  
a s  "maximation o f  f a r m e r ' s  r e v e n u e " .  The 
p r e s e n t  LP model i s  based  on maximizing c a l o r i e s .  
 his w i l l  b e  f u r t h e r  deve loped  t o  i n c l u d e  
s a t i s f a c t i o n  of food needs  and o t h e r  c o n s t r a i n t s ,  
e . g . ,  maximize f o r e i g n  exchange ,  etc .  
d )  F u t u r e  c r o p p i n g  p a t t e r n  d e p e n d e n t  on  e x p e c t e d  food 
and c a s h  c r o p  demand. 
2.  Choice  and deve lopment  o f  a g r i c u l t u r a l  t e c h n o l o g y  
3 .  Land c o n s e r v a t i o n  p r a c t i c e  i s  vogue,  f u t u r e  d e g r a d a t i o n  
r i s k s  c o r r e s p o n d i n g  t o  c r o p s  and management p r a c t i c e ,  
and t h e  i d e n t i f i c a t i o n  of  l a n d  c o n s e r v a t i o n  p r i o r i t i e s .  
The above a s p e c t s  w i l l  b e  r e l a t e d  t o  p a r t i c u l a r  c o u n t r y  
c a s e  s t u d i e s  and t h e  r e s u l t s  used  t o  d e v e l o p  s i m u l a t i o n  models 
t h a t  can  b e  l i n k e d  t o  t h e  FAP models .  
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A P P E N D I X  
Numerical results of the land productivity program and the 
optimum crop mix program for three cases, namely, a cell, two 
zones and the national results for Kenya will be considered. 
A brief analysis is presented below. In considering these 
results, it is useful to refer to Figures 1 - 3. 
EXAMPLE 1: Cell of total extent 18000 Hectares. The cell is 
situated in Warm Tropical Climate (Ol), Length of growing 
period: 240-269 days (05) and the soil (Fx) , slope (B) , texture ( 1  1 ,  
and phase (20) of the land in this cell are as follows: 
Soil: Fx , Xanthia Ferrasols 
Slope : B ,  Slope of 8-30 cms (soil rules apply) 
Texture: 1 , Light Texture Limitations (texture rules 
apply 
Phase: 20, No phase (phase rules do not apply) 
Two crops, namely, maize and beans will be considered in detail 
for this cell. 
Table la: Evaluation of Maize as a potential crop in cell 
(0105 Fx 20 B1): Results from the application of 
Land Productivity Program. 
Comments: Under low level of technology, all the available 
agricultural land in the cell falls in the very high productivity 
class. The application of the soil rule causes the total area 
to fall from very high to high productivity class. The phase 
and the slope rules have no effect on the productivity class 
for this crop under low technology level. The application of 
the texture rule causes the extent of available land to fall 
into the moderate productivity class. The expected calorie and 
protein production of maize under three technology levels and with 
a7d withoutland conservationmeasures are snoiin. If land deqradatior 
occurs, i.e., no conservationmeasures, then the total available land 
falls into the NS (not suitable) classand in this case there is no 
potential production forthis cropin thecell. The results ofthe 
intermediate and high technology are similar in that after the 
a~plication of all rules, 1900 hectares of land are available 
in the low productivity class. In the case of high technology, 
the slope rule eliminates two thirds of the available land from 
maize production whereas the relatively high rest period 
requirement limits the final availability of land for maize 
production under intermediate technology. Note that, 
because of the associated yield levels in the intermediate 
.and high technology levels, the calorie and protein production, 
in the case of both with and without conservation measures 
increase as the technology changes from low to intermediate 
to high level. 
Table Ib: Evaluation of phaseolus beans as a potential crop 
in cell (0105 Fx 20 B1): Results from the application of 
land productivity program. 
Comments: 
The total area available falls initially in the high pro- 
ductivity class. However, on application of all other rules, 
only 1200 ha are left in the low productivity class under low 
technology, 1900 ha under intermediate and high technology. 
In this example, the productivity, soil and texture rule as well 
as degradation affect land productivity in a similar way under 
all three technology levels. While the slope does not reduce 
productivity under low technology, 8 5 %  of the land has to be left 
uncultivated (fallow requirement). In the case of high 
technology, these percentages are 66% and 30% respectively. 
A summary of the results after the application of all the 
rules for all the eighteen £cod crops i?nder the assumption of 
low, intermediate and high technology for this cell are given 
in Tables 2a, 2b and 2c respectively. 
TABLE la: Cell Example: Kenya 
CELL 1 DL:N'I11 FICATION 
F l a j o r  C l i m a t e  : w a r m  t r o p i c s  
L e n g t h  o f  g r .  P e r i o d  : E (240-269) 
S o i l  : FX 
P h a s e  : 20 
S l o p e  : B 
T e x t u r e  : 1 
'I'OTAL EXTENT OF LAND ' 000 11 18.0 
NON-AGRICULTURAL LAND REQUIREPlENT '000H 1.8 
AGRTCUL'J'URAL LAND AVAILABLE ' 000 H 16.2 
P r d u c t i v i t y  C l a s  II)W TEXl1NOLIX;Y 
MAIZE (03) 
PL-oduct iv i ty  Rule 
S o i l m l e  
P h a s e m l e  
S l o p e  Rule  
W x t u r e  Rule 
k y r a d a t i o n  Rule 
F ' a l l m  Require. 





























































































t!ilpmm q m s  
tJi t t  w i t h  w i t h o u t  With Without  - With Without  V i t h  Without  
l ' o t t l l  Produc t ion  96.79 0 17876.5 
Scetl a~ul  W;ls tc  15.21 0 1666.9 833.0 2157.5 
Avail&] c 
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Table 2 (a - c) : Evaluation of the potential for all food 
crops in cell (0 105 Fx 20 Bl ) : Results of the land productivity 
program and the optimum crop mix program. 
Table 2a: Low Technology Level 
Comments: 
Without Land Degradation, i.e. with Land Conservation 
Measures 
In this cell, none of the eighteen food crops falls in 
very high or high productivity class. For maize, soybean, 
sweet potato, cassava and upland rice 15% of the land falls 
into the moderate productivity class, whereas 85% have to be 
left uncultivated (rest period requirement). For millet, 
sorghum, beans, groundnut and sugar cane 15% of the land is 
low productive and again 85% fallow. Spring wheat, white 
~otato, winter wheat, and winter barley are ruled out by 
khc climate rule. All other crops do not have rest period 
requirements but part of the land is classified as not 
suitable. For these crops the remaining percentages and 
productivity classes are as follows: bunded rice 33% (low), 
banana and plantain 100% (low) , oil palm 100% (low) , grass 
land 100% (moderate) . The potential calorie and protein 
production is shown for each of the eighteen crops in Table 2a. 
In MODE 1, oil palm is picked as this choice maximizes the 
calorie production for this cell. Note that in MODE 1 the 
protein constraint is violated in the zone under consideration 
(warm tropics, 240 - 269 days LGP). Nevertheless, oil palm 
is also chosen in MODE 2. When the present crop mix constraint 
- 
is imposed upon the crop choice (MODE 3 ) ,  46.6% of the land is 
allocated to sorghum and 53.4% to beans. Note that in terms 
of calorie production these crops are very much inferior to 
oil palm. 
With Land Degradation, i.e., No Land Conservation Measures 
For soybean, beans, sweet potato, cassava, upland rice 
and groundnut the production potenti21 is seriously affected 
by degradation. Millet, sorghum and maize become not 
suitable without land conservation measures. Bunded 
rice, banana and plantain, sugar cane and oil palm, however, 
are not affected by land degradation. Potential grass land 
production drops roughly by 30%. In MODE 1, oil palm is, 
of course, chosen again. Banana and plantain comes in under 
MODE 2, while beans are allocated in MODE 3. 
In Tables 2b and 2c, the corresponding results for inter- 
mediate and high technology are shown. Under both technology 
levels oil palm is allocated exclusively in MODE 1 and MODE 2 
runs. In MODE 3 the crop choice is similar for both tech- 
nology levels but markedly different when conservation is taken 
into account. When no land conservation measures are taken, 
all land is given to maize production. Assuming land conser- 
vation, however, the land allocation is 67.8% 
beans and 32.3% banana and plantain under intermediate 
technology while 46.6% sorghum, 21.2% beans and 32.3% banana 
and plantain are chosen for high technology. 
TABLE 2a : Cell Example: Kenya 
CELL IDENTIFICATION TECHNOLOGY LEVEL: LOW 
Kajor Climate : warm tropics 
Length of Growth Period : E ( 2 4 0 - 2 6 9 )  
Soil : EX 
Phase : 2 0  
Slope : B 
Texture : 1 
- - - - - 
* ~ i ~ ~ ~  row: with land conservatisn measures; Second row: no land c3nservation zeasures. 
TOTAL EXTENT OF LAND 'OOCH 1 8 . 0  
* 
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TABLE 2b : Cell Example: Kenya 
CELL IDENTIFICATION TECENOLOGY LEVEL: INTERMEDIATE 
Major C l i m a t e  : w a r m  t r op ic s  
L e n g t h  o f  G r o w t h  p e r i o d  : E ( 2 4 0 - 2 6 9 )  
S o i l  : FX 
P h a s e  : 2 0  
S l o p e  : B 
T e x t u r e  : 1  
TOTAL EXTENT OF LAND ' 0 0 0  1 8 . 0  
AGRICULTURAL LAND AVAILABLE ' 0 0 0  1 6 . 2  
-25 -  
TABLE 2c : Cell Example: Kenya 
CELL I D E N T I F I C A T I O N  TECHNOLOGY LEVEL: HIGR 
M a j o r  C l i m a t e  : w a r m  t r o p i c s  
L e n g t h  of G r o w t h  P : ? r i o d  : E ( 24 0 -2 69 )  
S o i l  : FX 
P h a s e  : 20 
S l o p e  . : B 
T e x t u r e  : 1 
TOTAL EXTENT O F  LAND ' 00 0 H 1 8 . 0  
AGRICULTURAL LAND AVAILABLE ' 0 0 0  H 1 6 . 2  
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EXAMPLE 2: Zone Exam~les: Tables 3-4 
Table 3: Optimum crop mix and assessment of human supporting 
capacity for zone: length of growing period 240-269 
days, warm tropical climate, Kenya: Three levels of 
technology and without land conservation measures. 
Comments : 
This zone has about 0.4% of the agricultural land in Kenya 
and about 3.7% of Kenya's total population, 1-e. population 
density of 2.028. 
Mode 1: Maximize calories 
In all the three technology levels the calorie-protein 
ratio constraint is violated (~atio required for Kenya is 59.8). 
However, based on the calorie requirement, this zone can 
support 5% more population for the low technology case. There 
is a 2.663nd 4.1-fold possible increase in the potential 
population for the intermediate and high technology levels 
respectively. For the low and intermediate technology cases 
the crop choice is bunded rice and oil palm, and for the high 
technology cassava is an additional crop. 
Mode 2: Protein constraint 
In comparison to the %ode 1 run, the potential population 
supporting capacity for this zone falls considerably. 
Note that under the low technology assumption the present 
population of this zone is almost three times the supporting 
capacity, whereas for the intermediate and high technology, 
increases of 33% and 239% respectively of the present population 
could be accommodated in this zone. 
The strict imposition of present crop mix constraint in this 
zone would cause the following usage of the total land available 
in the zone: 
LowTechno logy  ( 4 4 . 1 % )  
Medium " ( 7 6 . 7 % )  
High 11 ( 4 5 . 2 % )  
The b a l a n c e  o f  l a n d  would n o t  be  u t i l i z e d  a t  a l l ,  s i n c e  it i s  
n o t  s u i t a b l e  f o r  t h e  p r e s e n t  c r o p  mix p a t t e r n  a s  g i v e n .  
I n  r e a l i t y ,  o t h e r  f o o d  and c a s h  c r o p s  ( n o t  i n c l u d e d  i n  t h e  
p r e s e n t  c r o p  mix d a t a )  a r e  produced i n  t h i s  zone .  A more 
r e a l i s t i c  e v a l u a t i o n  o f  t h e  mode 3 r u n  i n c l u d e s  a p r o c e d u r e  
b t o  a l l o c a t e  t h e  l a n d  a c c o r d i n g  t o  t h e  p r e s e n t  c r o p  mix p a t t e r n  
and t h e  b a l a n c e  o f  u t i l i z e d  l a n d  i s  r e a l l o c a t e d  t o  a mix o f  
any o f  t h e  e i g h t e e n  f o o d  c r o p s .  
The r e s u l t s  show t h a t  sorghum c a n n o t  b e  a l l o c a t e d  f o r  t h e  
low t e c h n o l o g y  c a s e .  F o r  t h e  i n t e r m e d i a t e  and  h i g h  t e c h n o l o g y  
c a s e s ,  m i l l e t  and b e a n s  a d d i t i o n a l l y  are n o t  i n c l u d e d .  The 
p o p u l a t i o n  s u p p o r t i n g  p o t e n t i a l  f o r  t h i s  Mode 3 r u n  i s  improved 
f o r  t h e  low and i n t e r m e d i a t e  t e c h n o l o g y  c a s e s  ( p o t e n t i a l / p r e s e n t  
p o p u l a t i o n ,  0.58 a n d  1 . 5 5  r e s p e c t i v e l y )  b u t  f o r  t h e  h i g h  
t e c h n o l o g y ,  t h i s  r a t i o  i s  c o n s i d e r a b l e  less t h a n  t h e  r e s u l t s  
f o r  t h e  Mode 1 and Mode 2 r u n s .  The r e s u l t s  show t h e  i s s u e  
o f  how r e l e v a n t  ( f r o m  a n  a g r o - e c o l o g i c a l  v i e w p o i n t )  t h e  
p r e s e n t  c r o p p i n g  mix p a t t e r n  is.  
Table  3 .  Zone (Kenya, Warm Tropics:  LGP 240-269 days)  
Comparison of Mode 1 (Maximize C a l o r i e s )  R e s u l t s  f o r  
t h r e e  Technology Levels  and Without Land Conserva t ion  Measures. 
ZME I ~ I F I I A T I ~ :  U TRWltS, LGP: 240-269 M6, W R  OF CEUS: 15, NUgER OF SUITABLE EU-5: * 
TOTAL W T  '000 I! : 226 
IRRlGATICN W(D A m  "000 H : 1 
IIO-A6RIWlURAL WLD ARU 'WO H : 23.8 
rOTK AGRICULTUW A m  'EA H : 2CQ.2 
IRRIUTIOII CALORIE PRBUCTIOII (MIUIOIIS): 23.200 
IRRIQTILXI ~ m l n  PROWCTI~  (R. as), w 
- -. . --- 
PRESENT RMJLATI~ momma : 458. u rn  
RMMl m(SITY: 2.U28 
LW TEOUr)U)6Y I I I O I A T E  TECHNOLW HIW TECHIIOLOGY 
W l r w  DE6RAMTIrn 
mDE 1: WIMIZE  WORlES 
~ I Q I L T W u l A l l E A m c u u s  ' m a n  
: VH*HPRODUCTlVlTYAREA 
: R PRONlClIVITY AREA 
: L PrWKlCTlVlTY AREA * 
: 16 M I V I T Y  AREA 
: FWMAREA 
CALORIE PRODUCllOll (MlUla(S) 
PRDTEIN PRM)OCTIOII (M. 
~ R l V P R O T E l N  RATIO 
P O ~ l W P R E S O I T  WRILATION 
uaOQS CHOSN' 
IOOE 2: PROTEIN COIMTRAINl 
~ I Q l l l U R A L  A m  BT CWS 'ma H 
: VH*HPRDWCTIVlTYAREA w 
: R PRODllCTIVlTY AREA 
: L ?RODUCIIVIlY AREA 
: 6 PIIDDUCTlVlTY A m .  
: F U  
CWIRIE PRODUCTlOll ( f l l U 1 M )  




m 3 :  RUCONSlRAINT 
AtillCLllTURAL AREA BY MIS 'm H 
: VH+HPRODVCTIVITYAREA w 
: PRODUCTIVITY AREA * 
: L PROWCTIVITY AE4 
: 6 PRoWCTlVlTY AREA - 
: F A U M  ARE4 
W R I E  PROWCTlM (MILLlCRS) 
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2.55 (51.1) CASSAVA (55.4) 
W V h  (12.7) GROWNUT (2.1) 
SUCRRCAM (1.8) 
BAI(m F w T A I N  (Ia9) 
BUNm RICE (11.7) 
OIL (P5'2) 
NOT INCLIIDED~ 
BILLET (5.1) SORWIPI (3.9) 
BEANS (29.0) 
SUGAR M E  (1.9) 
WA/P lANTAIN  (2.8) 
SWEET POTATO (1.7) 
BUNW, RICE !U.8)  , 
GROUNDNUT (0.4) nil Pal M tK1.3) 
NOT INCLUDEI)' 
MILLET (5.1) SORGHUt! (3.91 
BEAYS '29.0) 
Table 4: Optimum crop mix and assessment of human supporting 
capacity for zone: length of growing period 120-149 
days, warm tropical climate, Kenya. 
Results for three levels of technology, Mode 1 with and without 
land conservation measures. 
Comments: 
This zone contains some 2.6% of Kenya's agricultural land 
and 4.3% of the total population. Of the total available agri- 
cultural land, 1.459 million hectares, the most suitable land 
(VH + H) increases from 14,000 H for the low technology without 
land conservation to 353,000 H for the high technology with 
land conservation case. The protein calorie ratio is met in 
all cases except low technology with degradation and there is 
a large potential for agricultural production especially with 
conservation measures. ,For example, without land conservation 
measures, the potential/present population for low, intermediate 
and high technology is 0.88, 3.33 and 6.5 respectively. For 
the case of with conservation measures, this potential is almost 
doubled. Hence this zone has the potential to carry a significantly 
larger population. Also, the mix of crops chosen is important in 
the Kenyan diet, namely, maize, millet, livestock, etc. It is 
interesting to note that as the technology moves up, a larger 
range of crops is chosen for this mode 1 case. This zone, with 
proper management of degradation hazards and under the assumption 
of high technology, has the potential for supporting more than 
half of the present total population of Kenya. 
T a b l e  4 .  Zone (Kenya, Warm T r o p i c s ,  LGP 120-149 d a y s )  
Comparison of Mode 1-3 R e s u l t s  f o r  t h r e e  Technology 
L e v e l s  and Wi th /Wi t l~ou t  Land C o n s e r v a t i o n  Measures.  
IONI I D t H r I r I c A r I O N :  WARM IRM'ICS IB IN-III~ DAYS, WII~IIFR O r  CHIS: 61 .  NIIMIR or S l l l r n n L E  c t u s :  112 
I o l A L  E X l E H l  'WO I1 1 11 99 
I R R I C A I I O I I  LANO AREA '000 H I 1 4  
WON-AGRICVCIURAL AREA 'MW] I1  I 2 6  
I O I A L  AGRICULTURAL A M A  '000 H : 1 4 5 9  
I R R l G A l  l O n  CALORIE PRODUCl I O N  ( H I L L I O H S )  I 2 1 9 1 0 0  
I R R l t A l  l O n  P R O I E I H  P R O D l K l l O n  ( H I L L .  GRS) r 2 7 5 6  
PRLSLHI  POPI ILAI IM(  5 3 5 3 6 0  
P I E S E N I  D f N S I I Y  0 . 3 5 7  
nloE_r !-B~L~!L~.QI_ORIES 
Hllll_w_l L M D  CotcSyRVAl ION 
AGRICVI.TURIIL AREA BY C U S S  '000 11 
I V l l 4  ll P R O D U C T l V l l Y  AREA ' 
I W P R O W C I I V I T Y A R E A  ' 
I L P R O D l K T l V l l Y  AREA ' 
r NS P R O D K T l V l l Y  AREA 
I FALLOW A R I A  
CALORIE P R O D I K I I M  ( H I L L I O N )  
PROTEIN P R O W C l l O I I  (R. WS) 
CALORIE/PROIEIH RATIO 
M I L H I I A L / P R E S E H I  POl '~A1IOH 
CRfPS CllOSEH (PROWCI IOW 'WO n l  
(LIVESTOCK * 'WO IIEAD) 
H!llAND C M S E R V A I M  
RGRlCULlURAL AREA BY C U S S  '000 11 
I V l l ~ H P R U W C l l V l l Y A R E A  ' 
I H PRODUCTIVITY AREA ' 
I L P R O W C T l V l l Y  AREA ' 
US PR~DUCTIVI~Y AREA 
I FALLOW AREA 
CALORIE P R O M l C l l O I I  ( R I L L I O N 1  
P R n l F l H  PRODl lC l lON (N. M S )  
CAI n R I r / r u n r F I m  RATIO 
P O I E Y l l A L / P R r S l N l  I W U I  ATIOI I  
C R r F S  CIIOSLN (PROnBCI IDN '000 n l  
(LIMSIMK' 'MI IIEAD) 
tWDE2:  P R O I E I H  C O N S I R A I N I  (NOT V l O l A l t  
*LIYESIOEK '000 IIEAD: 1 6 1  OF IlERD 
IINIT, 150 KG L I w F I r w ,  50% or I 
LOW IECIIHO(06Y 
- - . - - -  - -. - - - 
0 . 8 8  
MlZE (16) SWTEl I ' U I A I O  ( 2 1 )  
I lPLAND R l C E  ( 1 5 )  CASSAVA ( 3 )  
L l M S l O C K  ( 5 5 )  
3 . 3 3  I 6 . 5  M l Z E  (309) SoYDrAN (1) M Z E  (G65)  S H E F l  M)I~IO (101)  UP lANO R I C E  ( 1 1 )  GROUHMUI  (8 W l w D  RICE ( 2 5 )  l ;ROl lDNI I lS  ( 2 6 )  SWEEl P O l A l O  ( 5 6 )  CASSAVA ( 2 )  L l M S l O C K  ( 2 0 1 3  L I M S I O C K  ( 1 2 6 )  
8 4  
1118 
4 7  
2 1 2  
6 6 7  
5t191611 
1 2 3 1 7  
50.9 
1 . 7 0  
H l L I E T  ( 1 1 )  M I 2 1  ( 1 3 8 )  
SHEET P o l n i o  (IS) I ASSAVA ( 2 )  
I l P l  AHD R I C E  ( 3 )  L l W S l O C K  ( 1 9 )  
I) : SAE AS wrnr I ( E x c c r l  ron l o w  IE~IIHULO~Y nl r l a f r r  MHD ~QNSERVATIM) 
-- - - - - - -- 
I I L K F D  ( H l l  K DRY: 0 . 4  KG/DAY/COW), 8X OTFlAKE (CDW PER LIVESTOCK 
-RD nlrn (6 IIIRFS I'ER Y r h R  FIR ANIMI ). 
1 9 9  
I 4 2  
4 b  
3 9 5  
4 2 6  
Z ' t59952  
5 9 8 9 1  
42 .7  
5 . 9 2  
W l L l E l  0 7 )  S ~ R ~ J I ! ~  ( 1 0 )  
M I Z E  (6112) S M l l  I W l A l O  ( 3 0 )  
GRMlHUHUl ( 2 0 )  I I M S l O C K  ( 3 9 )  
3 5 3  ' 
1 6 6  
I 7  
3 8 9  
1 4 2  
6 2 3 5 6 6 5  
1598116 
3 9 . 7  
1 4 . 3  
H l l l E l  ( 4 7 )  SOR61111H (RG) 
M l Z E  ( 1 6 1 7 )  S K E I  l ' 0 l A l 0  ( 3 )  
G R O W M U 1  (811) L I M S I O C K  ( 7 9 )  
EXAMPLE 3: National (Kenya) 
Table 5: Comparison of potential-present population for Kenya 
for 3 technology levels, with and without conservation and 
Mode 1-3. 
Comments : 
The results show that under the assumption of low technology 
in all agricultural production activities in Kenya, the supporting 
capacity of the land is well below the present population of Kenya. 
In reality a mix of low, intermediate and high technology is well 
spread in the Kenyan agricultural sector. If proper management 
of land degradation hazards does not occur, then even under the 
. 
assumption of high technology the limit of the population support- 
ing capacity will be reached by the year 2000, when Kenya's pop- 
ulation is likely to double. 
On the other hand, with proper land conservation measures, 
i.e., without degradation and under the assumption of high 
technology, the land has the potential to support more than 
four times the present population, i.e. 60-70 million people. 
Note that the results for PLU constraint are worse than the results 
for Mode 1 and Mode 2. The implication of this raises the issue of 
how 'optimum" (in what sense) the present crop mix pattern in 
Kenya is. This aspect cannot be answered completely until all 
the other food and cash crops relevant in Kenya under a mix of 
technologies are examined. However, the most important food 
crops are already included within the eighteen crops considered 
in this project and the results do suggest the necessary trend 
of technological development and land conservation management if 
food production is to meet the food demand in the next 2-3 decades. 
Table 5. National Example (Kenya). 
Comparison of Mode 1-3 Results (Potential/Present 
population and Land Use) for three Technology Levels 
and Witli/Without Land Conservation. 
N A T I O t i A L  RESULTS : KENYA 
YEAR 1 9 7 5  
NUMBER OF CL IMATES 
NUMBER OF ZONES 
NUMBER OF CELLS 
TOTAL POPULAT I ON 
TOTAL AREA ( H I  
TOTAL l R R l  GATED AREA ( H I  
TOTAL  NON-AGRI CULTURAL AREA (11) 
TOTAL AGRICULTURAL AREA ( H I  
PRESENT POPULAT I ON DENS l TY 
LOW l NTERMED l ATE 
TECllNOLOGY TECllNOLOGY 
pp 
W l THOUT DEGRADAT 1 ON 
POTENT I AL IPRESENT POPULAT 1 0 1  
MODE 1: M A X I M I Z E  CALORIES 2 , 3 0 2  
MODE 2: PROTEIN  CONSTRAINT 2 , 2 5 5  
MODE 3: P L U  CO~STRAINT 1 , 8 3 6  
WITH  DEGRADATION 
POTENT I A U P R E S E N T  POPULAT I O N  
MODE 1: M A X I M I Z E  CALORIES 1 , 1 8 1  
MODE 2 : ' PROTEIN  CONSTRAINT 1 , 1 3 2  
MODE 3: P L U  CONSTRAINT 0 , 9 8 6  
H I G I I  
TECtINOLOGY 
4 , 5 0 9  
4 , 4 3 9  
3 , 6 8 1  
2 , 4 8 1  
2 , 4 0 4  
2 , 1 0 7  
